Introduction
As people became more aware of the wider world around them and entertainment became more accessible and popular with an ever widening proportion of the population, the opportunity for using new technologies to deliver the aspirations of the day has always been employed to try to meet many of these demands. The barriers and drivers for developments in these 2. The growth of home media and personal entertainment: a potted UK history (a) The early days
The phonograph and the gramophone developed initially as a business tool throughout the last quarter of the 1800s. They became a method of distributing audio as the new century dawned, although no overall standards emerged for several decades.
Following the advance of wireless technology in the early 1900s, the ability to modulate audio onto a radio-frequency carrier was demonstrated by Professor R. A. Fessenden in 1906 [3] . However, it was close to 14 years before this concept was realized as an excellent business opportunity to sell wireless radio receiving sets to the public with similar development in the USA and the UK. In early 1920, the UK General Post Office issued some experimental transmitting licences to both British and American companies. However, apart from a few radio enthusiasts listening to these experimental broadcasts, there was no real incentive for the public at large to purchase a technically challenging product in its early form and, as these developed, a very expensive item for homes that only a few could afford. This was compounded by the fact that there was little of any general interest to listen to and certainly little to fund the provision of specifically produced content. Given this, those wishing to manufacture radio sets and their components applied to set up a company to produce and broadcast content that people may want to receive, and this became reality in October 1922 in the form of the British Broadcasting Company. The infrastructure was largely set up using many of the technologies and components developed for the telephone communication industry of the day, with increasing developments of its own as time went on. It is worth noting the pattern first seen here in the broadcast world where manufacturers set up a business based on a new technology to produce content in order to sell radios. In the UK, it took a further 4 years to realize the importance of this new communication and entertainment tool before the British Broadcasting Company was converted into the public service still known today as the British Broadcasting Corporation (BBC). However, this is another and well-told story, with many other excellent references to events. The five books by Asa Briggs, The history of broadcasting in the United Kingdom [4] , provide a key source of information for this period. The resulting radio services became extremely popular and, while providing popular entertainment, also formed one of the UK's key communication tools that brought people closer together.
(b) Sound with pictures
Radio broadcasting existed alongside a very successful film industry during these early years, providing mass news and entertainment in cinemas. Again, as technologies developed, 1 the possibilities of delivering pictures to homes around the UK became feasible. Although this was not initially taken very seriously by many in the established radio services at the time, the opportunities this offered were realized. In 1936 the UK had two competing proposals (the Baird 240-line and the Marconi-EMI 405-line systems), so these two systems were set up in separate areas, and test broadcasts were carried out by the BBC, as described in the 23 October 1936 issue of the Radio Times [6] . The two systems were broadcast on alternate weeks, as can be seen from the 8 January 1937 Radio Times Television Supplement [7] , with the last 'Baird week' being shown in the 5 February 1937 edition of the Supplement [8] . This is yet another well-documented story, where the 'high-definition' option using the Marconi-EMI 405-line system was chosen to continue the new television service from 15 February 1937 onwards. 2 While all this was very carefully managed by a single broadcaster as the only one licensed in the UK to provide this type of media service at the time, I think it can be concluded that the outcome pushed the boundaries of technology and provided the standard used to transmit TV through to the 1960s when the new 625-line 'high-definition' colour TV service was launched towards the end of that decade. Each of these developments also provided a marked step change in the user experience, helping to drive consumers' desires for new products and viewing experience.
It must be said that, as a strong advocate of the delivery of moving pictures by electrical signals, the contribution that J. L. Baird made to TV development during the early years should not be underestimated despite his approach to the problem not being adopted.
(c) Choice and diversification
The BBC's monopoly of UK broadcasting continued until the launch of Independent Television in September 1955 following the passing of the Television Act in 1954. During the next three decades, a small but growing number of broadcast television companies continued to provide general entertainment as well as specific genres such as news, and with the arrival of satellite broadcasting to UK audiences in 1990 a much wider choice of broadcast content became available.
However, while this brought about a certain amount of diversity, and a degree of choice by the consumer selecting channels as desired, the choice was mainly between pre-scheduled programme channels alongside content that had been purchased or recorded from channels for viewing at a later time. From a user's point of view coming from two, three or four channel choices, this seemed to be a step change in viewing experience despite the fact it was just more of the same scheduled approach to channelled content. The user expectations were based on the limitation of the previous decades and so that underpinned the improved experience.
Between the 1960s and 1990s, there is another key area of influence to the way media were consumed that expanded rapidly in this period. Basically this started when the transistor radio became small and light enough to be carried by an individual and quickly developed into a plethora of personal entertainment products capable of storing and playing the media of choice by purchasing, recording or receiving broadcast content and carrying it around for personal consumption as desired. This, along with the development of low-cost, portable video cameras during this period as a method of capturing the world around us, fundamentally changed the expectations for being entertained whenever and wherever we want. These developments were the antecedent to many applications and services that can be found on the modern smart phone, portable computing and 'wearable' devices that are common today.
Sources of information on identifying how many personal portable devices are in use over the last decade are difficult to find. However, a paper published by the European Commission [10] on the potential health risks from such devices suggests estimated unit sales of products capable of playing audio within the EU between the years 2004 and 2007 to be in the range of 184-246 million. The report goes on to say that the sales of mobile phones in 2007 were ca 200 million but only 10% were capable of playing audio. In the last couple of years, the vast majority of phones sold are now smart phones, with the EU countries accounting for around 300 million units a year and slowing, whereas the overall global market is still expanding.
This highlights just how much change has occurred since then, with over one billion smart phones being shipped worldwide during 2013 [11] . Every single one of these devices can consume audio and video media, process metadata and send text along with the ability still to make a humble phone call.
The connected age (a) The rise of the network
The connected age can be said to have its roots in the development of the telegraph and the telephone technologies by establishing fast two-way communications and the delivery of information. This went on to provide the functional building blocks of what is broadly known as the electronic information age. This was a considerable step change from previous forms of communication and is again another well-documented period in history. However, for the purposes of this paper, the point where digital communication developed its switched trunk structures into ubiquitous data networks and then opened up into the multi-service data structure we know as the Internet is the step change in the user experience and the area that I focus on here with respect to media consumption.
The Internet draws together the personal media devices, including smart phones from the previous section, with home computers, tablets and smart TVs as well as new developments such as 'wearable' technology and a myriad of data sources generically called 'big data' [12] . This could allow media consumption to transcend traditional habits, reacting with connected homes, vehicles and the world around us in order to deliver highly personalized experiences to the individual. As a structure, the media requirements are merging with those for security and health, among others, to support day-to-day activities such as communications, information retrieval and entertainment. These are then delivered to products and software applications used by individuals, but only providing that the infrastructure is sufficiently responsive to deliver the requirements needed [13] .
(b) It is all about services-again! Hopefully, by now, a pattern that started with radio in 1922 can be seen to continue in driving media consumption. Each step change in the technologies that directly affect the user experience produces a surge in consumption and, as a result, greater product choices are developed.
Two of the key differences in today's market with the drivers that push media and product consumption are the opening up of product developments by using freely available standards and operating systems that enable many companies and individuals to compete, particularly in the software application layer. Along with this, there is a similar opening up of the ability for just about anyone to publish and even broadcast over the Internet. Clearly, we have seen many battles over intellectual property to protect product features, particularly with the larger players in the market, and just as many technology 'land grabs' in an attempt to contain the market and protect business interests. However, today's diverse media market could not be further from those early days of broadcasting, so, in order to stand out, quality content and reliable services linked to a trusted name are vital. The interesting effect of today's media technology is that the step changes in services that drove consumption in the past are now also in the hands of smaller players and individuals who can also grow quickly into big businesses. This completely changes the ability of big players to be the sole arbiter of consumer expectations and places the underlying data structure at the very core of the delivery capability of this business.
In addition to the difference above, many more services are developing and some are merging entertainment with other user requirements, all of which are producing a near-asymptotic growth in multi-service products and network-connected devices that can all use or be used by the many and growing number of services now available. This will place the infrastructure in the critical path to the provision of many fundamental user services and, with this, it becomes as important as other structural services such as the electricity supply.
(c) Predictability and capacity planning
With the changes to the broadcast and media business already outlined, clearly one of the difficult challenges is to look into the future capacity requirements and, in particular, the effect that the consumption of entertainment media will have on this. I believe that this will be one of the key areas of understanding in order to deliver a sufficiently robust UK data structure that is able to plan the avoidance of a capacity crunch and manage critical services in the future. In the introduction, I referred to the effect on both business and individuals' daily lives as many become dependent on reliable data connectivity. This can be seen all around us as many services that trade by face-to-face exchanges at local premises are now under pressure from those trading on the Internet. While there are some exceptions, this trend could eventually see some key services become Internet-only businesses. There are already some banking companies offering Internetonly accounts, and there are a growing number of potential services in the health industry to provide home monitoring of those who may otherwise require continual support and could not otherwise be able to stay in their own home. While these are not particularly data-hungry applications, they do require very high reliability, and the high capacities demanded by media services as well as the effects of those carrying out malicious attacks on the Internet [14] could well put critical services at risk. This second issue is outside the scope of this paper, although this is clearly an important area that continues to require attention.
I will therefore constrain my figures by using the latest BBC iPlayer's published statistics to build a possible view of the effect of delivery of ultra-high-definition (UHD) TV content in addition to current services. However, it has to be remembered that the BBC is now one of many delivering media in the UK and in total not the biggest overall. It should also be remembered that special events and major world news stories can have an overwhelming effect on the short-term data capacity requirements that could lead to major infrastructure congestion if not managed carefully. This is a fundamental issue for all media service providers given the synchronized nature of the demand and could benefit considerably from coordinated capacity planning during such times.
The BBC openly publishes its iPlayer statistics every six months. The monthly performance report that I used for this paper covers up to October 2014 [15] . It should be noted that all figures used are subject to the notes on page 9 on this report and should be read in conjunction with any figures used here.
As shown in figure 1 , iPlayer TV download requests from October 2009 (71 million) to October 2014 (237 million) has grown approximately 234% and shows a reasonably consistent 58.5% growth year on year. However, it should be noted that this annual growth covers a major take-up period for the service as a whole, whereas year-on-year increases are very dependent on which month is being studied, where the winter months show the highest use. October saw 318 million programme requests on BBC iPlayer, the second highest monthly figure ever, with only March getting more at 320 million.
Some data were not captured in August and September 2014-we estimate around 3.5 million requests in August, and 11.5 million requests in September, but because we cannot accurately assess by device or date, we are not including our estimates in bar charts in this report.
Total monthly BBC iPlayer requests across all platforms, since 2009 
TV only: monthly requests to BBC iPlayer year-on-year
We recently created this graph for a blog about these stats, and we hope it will be a useful addition to this deck, showing the seasonal pattern of BBC iPlayer. Because a lot of iPlayer viewing is simple catch-up, there is a strong link with linear TV-so highest in autumn and winter; however, major events and schedule variations cause significant monthly differences.
In May 2015, TV requests were up +10% year-on-year to 222 million, with an additional 20 million requests compared to May 2014.
Figure 2.
Monthly total iPlayer requests year-on-year from BBC iPlayer monthly performance pack. Adapted from [16] . (Online version in colour.)
The additional figure (figure 2) has been included from the BBC iPlayer performance pack from May 2015 that shows the annual growth year-on-year across each month to demonstrate the higher demand during the winter months. Note that the TV requests in May 2015 have increased 10% on the previous year, demonstrating the reduced user take-up from the early years of the service as well as the effects of increased competition from other media service providers. In order to assess the data profile represented by the iPlayer data, some assumptions have to be made. This is primarily because iPlayer can scale the service it delivers to suit the capacity and resources that the user's connection will support on each occasion. However, this paper concentrates on video media as this represents the largest capacity needs. In order to achieve the target quality intended for any particular selected media source, certain bit rates have been selected for this purpose to enable calculations to be made (see appendix A). The bracketed figures are example picture sizes for each resolution, although these vary globally, with UHD resolution assuming a shift to 100/120 frames per second (fps) at some point with current compression techniques.
These are:
-3 Mb per second for a standard-definition (SD) media stream (704 × 576 active pixels 50/60 fps); -6 Mb per second for a high-definition (HD) media stream (1920 × 1080 pixels 50/60 fps); and -35 Mb per second for an ultra-high-definition media stream (3840 × 2160 pixels 100/120 fps).
As of the date of this paper, there are no immediate plans for the BBC to broadcast any sort of UHD service. However, the BBC's Chief Technology Officer (CTO) has said [17] that he sees the BBC future in using Internet technologies to enhance BBC services and that could possibly include delivering UHD content at some point that is yet to be determined. This being the case, in order to make some predictions on the use of Internet capacity, further assumptions have to be made, as there is currently no formal agreement on UHD distribution standards across the industry as a whole. The figure of 35 Mb per second has been chosen as the bit rate already tested during the UHD trials from the 2014 Commonwealth Games [18] and distributed using high-efficiency encoding. While it is likely that even more efficient video coding could be available in the future, it is also possible that the final implementation may require the delivery of higher frame rates, higher dynamic range and greater colour depth, all of which will require higher bandwidth to support these improvements [19, 20] . Given that all this is still in development, it would seem plausible to work to a figure of 35 Mb per second for UHD Internet delivery for the purposes on this paper to cover these eventualities.
(d) Media Internet delivery: managing expectations
Given the scaling and various algorithms used in products such as iPlayer, it is almost impossible to say definitively what overall bit rate is actually being delivered to customers when live streaming content and at any one point in time. So using longer averaging periods and setting target bit rates in calculating the figures should provide an indication of the sort of demands that could be expected. These results are based on the statistics published in the BBC iPlayer performance packs and will be affected by the time of year and the types of events being broadcast at the time. In the end, it is the consumer's experience that matters, so, as long as these services are delivering the viewing experience required, the numbers are only of some interest to those concerned with longer-term infrastructure provisioning.
As has been said before, BBC iPlayer is just one of a growing number of media delivery platforms available (at least one already providing UHD content), so any infrastructure carrying these as combined services will have to deal with some very large capacity demands, especially if these peak at similar times. Taken globally, it is clear that peak times are less likely to coincide; however, as international media providers such as Netflix and Amazon Prime aim to become major suppliers in many countries, including the UK, these additional content providers will clearly contribute heavily to the overall peak load placed on the data networks generally. However, these providers do not as yet publish infrastructure loading figures publicly, so it is difficult to assess or predict their effect. In recent analysis [21] BBC iPlayer-use for TV online by time of day, October 2014
The scale for each line on this graph is different -traditional TV viewing is far higher than BBC iPlayer use. However, it shows the relative usage pattern by time of day-with BBC iPlayer use (for TV) being closer to the pattern of TV viewing, than of Internet use, with proportionally more viewing in daytime and late peak Sources-TV from BARB October 2014, Internet from Nielsen March 2012, BBC iPlayer from BBC iStats October 2014 Figure 3 . TV online by time of day from BBC iPlayer monthly performance pack. Adapted from [15] . (Online version in colour.)
Research Board (BARB) reports that Netflix subscribers worldwide hit just under 60 million and are targeting a growth of around 12 million subscribers a year, with around 14% of UK homes currently subscribing. While suppliers such as Netflix are comparatively new to the UK market, their ambitions to grow around 12% a year as well as to provide UHD content will clearly have a significant impact on the data infrastructure capacity requirements in the future. Another media delivery trend that is currently pushing more media onto the Internet is generically known as 'unbundled content' delivery. This is where the media content is effectively detached from its original transport medium such as a DVD or CD. When this unbundled content is made available on the Internet, it becomes accessible in a number of different ways. For example, tracks of a music album become available individually.
This method of publishing lends itself to media files being searched by the media equivalent of a video and audio search engine to find content criteria requested by the consumer or an intermediate content service. This does not just look at the title but analyses video frames and audio as well as the metadata and this also happens to suit user-generated content (UGC) as much as professionally produced media. There is very little data available on the impact of this approach on data networks, but, given the rising quantity of media becoming available, this again could be significant in the long term. Figure 3 shows a typical day for BBC iPlayer extracted from the performance pack for October 2014 [15] and demonstrates how content is consumed throughout a single day. It is important to note that other video on demand (VoD) providers could also have similar concurrent peaks in demand, causing potential congestion at particular times of the day.
(e) Media delivered over the Internet: a view of capacity based on BBC iPlayer usage In order to make these calculations, I used the formula described in appendix A and have assumed the following:
-the iPlayer report frequently refers to download requests, and this is counted if a download or stream actually starts running; -if a TV programme was downloaded rather than streamed, the optimum rate for the content type is assumed for SD, HD or UHD (in future scenarios); -if a TV programme was streamed rather than downloaded, the player was able to consume the content at the optimum rate as above; -average programme length for each download or stream is required (this was worked out using the mean average duration (which was 50 min) of the top 40 most popular iPlayer programmes at the time of writing this report); -the number of download requests for HD content assumed to be one-third of the total TV requests; -in the future projections including UHD content, it is assumed that one-half of those who currently consume HD content would now consume UHD (making 17% of total downloads); -in the future projections, it is assumed that the BBC can provide some popular UHD content to their Internet platform by the end of 2018 (used purely for potential load predictions); and -the method predominantly used to distribute streamed media to so many consumers is usually handled by passing it through a number of intermediate cache servers which are frequently hosted at ISP sites or specialist service companies that can scale as needed.
As the result, I needed to develop a term to describe the average overall pan-network data load consumed by users from a particular service based as far as possible on actual usage. I have used 'distributed internet profile' (DIP) for this term in the absence of other suitable descriptors.
For the month of October 2014 using figures from the BBC iPlayer performance pack:
-237 million TV download requests, assuming 158 million in SD and 79 million in HD; -a mean average programme running time of 50 min, giving a total monthly DIP of 356 petabytes; -projected forward 3 years, with an annual growth of 5% based on October 2014 data, predicts a DIP of 412 petabytes in a month with the same ratio of SD and HD content; and -projected forward 3 years, with an annual growth of 5% adding 17% of the total requests as UHD content at the expense of HD downloads, predicts a DIP of 606 petabytes in a similar month.
It should be noted that the 5% per annum growth is assumed to be a conservative estimate (based on history) expressed as increased data year-on-year which could be derived from the delivery of additional content, an increasing number of users or a combination of either of these. It should also be noted that throughout the days of any typical month, around 60-70% of the TV download requests occur between the hours of 17.00 and 23.00, greatly skewing peak capacity requirements during that time.
It is possible to produce DIP figures for daily or even shorter periods such as peak hourly periods in a day. However, it is likely under these circumstances that it will become necessary to take into account more information about the content consumption during those periods. For particular times of the day, the content resolution and genre being consumed could well be different during short sample periods when compared with the generalized random distribution of the assumptions made over monthly periods, and this could lead to significant margins of error in the resulting calculations.
An example from figure 3 showing iPlayer peak usage during the day from the performance pack:
-634 000 requests for downloads at peak time; and -maintaining a mean average programme running time of 50 min gives a daily peak DIP of 0.9 petabytes. This approach can be used to ascertain the general impact a media service would have on the distribution network as a whole. However, the results will be more accurate when calculated over longer time periods in order to spread short-term variations in actual delivered bandwidth as noted above.
Conclusion
I have attempted to put some historical context to the motivation behind the development of media consumption in the UK. This is a UK-centric study, as detailed figures are publicly available from the BBC and, as its broadcast and Internet delivery service was one of the earliest to be established, trends can more easily be ascertained. In doing so, I have tried to highlight the part that technology development and industrial business requirements have played in enabling this to happen. Through this process, I have tried to focus on some of the step changes that provided new consumer experiences both big and small that have helped make media available to all. We are currently at another of those large step changes in the way broadcast media is both produced and consumed. It has already started to change the approach many broadcasters take in commissioning and producing content, and it is certainly having an effect on the way that viewers and listeners are consuming that content. With the increasing use of the Internet allowing the exploration of different delivery options, interactivity and new product experiences, changes are still in progress. The fact that just about anybody with an Internet connection can distribute content highlights just how important it is for traditional broadcasters to react to this change by moving into an Internet publishing model, as standing still is not an option if they are to remain relevant to evolving audiences and consumption patterns. BARB has just started to measure an ever increasing range of media consumption on Internet-based platforms. In their latest report on catch-up viewing [22] , they note a new trend with Sky viewers that came as a surprise to them, where they state that in July 2013 the Sky on-demand service accounted for just over 6% of all time-shifted viewing. By December 2014, this figure had grown to 11%. The significance of this is that time-shifting content has traditionally been achieved by recording broadcast content for later viewing, whereas the Sky on-demand service is an Internet-based VoD approach to achieve the same result. If this continues to grow at this rate, then it could have major implications to programme distribution for the Sky on-demand service and the infrastructure that supports this.
Given these ongoing changes, we have to remain vigilant in future planning, as the media market is clearly only one of many business users of the Internet. Media, and video in particular, is a significant consumer of Internet capacity, and one of the key issues here is that the peak Internet profile used by media at any one time is not under the control of the publisher or provider-it is a slave to consumer demand. If, as has been shown in figure 3 , users tend to use media delivery products like iPlayer at similar times of the day, the overall media DIP will be many times more than any single provider would appreciate. Clearly, if data are made available, then the DIP of other media providers could be calculated to aid the overall planning of network data capacity and the effect these have on network resources.
Any attempt to moderate this behind the scenes by simple service restrictions in all likelihood will lead to a degraded consumer experience, and the resulting poor or inconsistent quality of service will be placed firmly at the publishers' door if other services are seen to operate normally. Throughout history, the improvement of the consumers' experience has been a key driver to improvements in media entertainment. With the move towards the Internet delivery of media, TVs become data-connected along with a plethora of personal devices capable of consuming or interacting with content. The consumer is very much in the driving seat and should expect to receive the quality content providers advertise. One of the key issues with attempting to provide any conclusion to the future network capacity requirements is that there are very little data publicly available from media providers other than the BBC. As a result, this paper uses the BBC's data to provide a method of assessing future trends without being able to provide an overall summation of the impact of media on future network demands while using historical drivers to point to the likelihood of a step change to media delivery over the Internet.
